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Abstract 
The Illinois Basin – Decatur Project (IBDP) is a large-scale carbon capture and storage (CCS) 
demonstration project managed by the Midwest Geologic Sequestration Consortium (MGSC). IBDP is injecting 1 
million tonnes of carbon dioxide (CO2) in the Cambrian Mt. Simon Sandstone over three years at a rate of 1,000 
tonnes per day. 
At the IBDP site the top of the Mt. Simon Sandstone is overlain by 100 m (300 ft) of tight silt and shale in 
the Eau Claire Formation that forms the primary seal that prevents possible migration of CO2 into the overlying 
strata. Below the Mt. Simon Sandstone is a pre-Mt. Simon interval that is characterized by its poor reservoir quality. 
In the United States, the pore space storage rights are typically owned by the surface landowner. Therefore, 
it is imperative that CCS projects such as IBDP be able to estimate the size and movement of the CO2 plume within 
the reservoir. An integrated earth model and subsequent reservoir flow simulations are the first steps to CO2 plume 
management. An inversion of the 3D surface reflection seismic data was used to create a template for the 
distribution of the reservoir properties acquired from the well data. Inversion of the 3D seismic data produced two 
inversion volumes, an acoustic impedance (AI) cube, and a porosity cube. Wireline porosity logs were upscaled to 
the 3D model and then co-simulated with the seismic inversion porosity. Log permeability was upscaled to the 
simulation model and co-simulated with porosity. The resulting porosity and permeability fields were rescaled into 
the simulation grid which was discretized to achieve the required simulation accuracy while maintaining 
computational efficiency. 
The reservoir flow simulation based on the integrated earth model suggests that the CO2 will follow the 
high permeability intervals and there will be very limited vertical migration of the CO2. These flow simulations also 
will help with plume management in a new planned injection well near the IBDP project site which will be 
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perforated at higher intervals in the Mt. Simon Sandstone than those in the original injection well. 
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1. Introduction 
The Illinois Basin – Decatur Project (IBDP) in central Illinois (Fig. 1) is a large-scale carbon capture and 
storage (CCS) demonstration project managed by the Midwest Geologic Sequestration Consortium (MGSC). IBDP 
is injecting 1 million tonnes of carbon dioxide (CO2) in the Cambrian Mt. Simon Sandstone (Fig. 2) over three years 
at a rate of 1,000 tonnes per day. The IBDP can be considered an example of the integration of geology, geophysics, 
petrophysics, and reservoir flow simulation in a dynamic model that can be constantly and accurately updated in 
order to optimally manage an injected CO2 plum in the subsurface. Plume verification is important in the United 
States because of regulatory compliance and risk analyses.  
 

 
Figure 1. Regional showing location of the IBDP (red dot) in reference to major tectonic features surrounding the 
Illinois Basin. 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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Figure 2. Cambrian and Ordovician stratigraphy of the Illinois Basin. 
 
 
Figure 3 Site map of the Illinois Basin Decatur Project area showing the location of the four wells. The CCS2 well is 
a proposed location and is scheduled to be completed late 2014.  
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The IBDP project has had two wells (CCS1 and VW1) drilled through the Mt. Simon Sandstone (Fig. 3). 
The Illinois Industrial Carbon Capture and Storage (ICCS) project has drilled the VW2 well and this project is 
scheduled to drill a new injection well in Fall 2014 located approximately 2 km (6,600 ft) from the IBDP injection 
well (CCS1). This well, the CCS2 well, is planned for injection to commence in early 2015 (Fig. 3). Both the IBDP 
and ICCS together have collected approximately 327 m (1073 ft) of core from the, the underlying the Precambrian 
basement, pre-Mt. Simon sandstone, Mt. Simon Sandstone, and the sealing interval of the Eau Claire Formation. In 
addition to a full suite of wireline logs, 3D surface seismic reflection data and Vertical Seismic Profiles (VSP) were 
also acquired. These data show the Mt. Simon Sandstone to be over 457 m (1,500 ft) thick with the best reservoir 
properties occurring in the lower Mt. Simon Sandstone with average porosities of 22% and average horizontal 
permeability of 200 mD. Individual intervals can have porosities as high as 28% and permeability of over one 
Darcy. 
 
2. Geology 
At the IBDP, the Mt. Simon Sandstone is a thick succession of gently dipping to flat lying Cambrian-age 
sandstones, conglomerates, siltstones, and mudstones and is considered the lower part of one of the major 
depositional units within the North American mid-continental depositional succession referred to as the Sauk 
Sequence[1]. There are no observed carbonate intervals or evaporates. In the Decatur area, there is a pre-Mt. Simon 
depositional unit unconformably overlying the Precambrian basement and underlying the Mt. Simon Sandstone[2]. It 
is recognized on geophysical logs by its low porosity relative to the overlying Lower Mt. Simon and vertical trace 
fossil burrows identified within core. The Precambrian basement rocks underlying the Cambrian-age pre-Mt. Simon 
sandstone are composed of a thin veneer of a highly altered, clay-rich porphyritic rhyolite underlain by relatively 
unaltered granodiorite and granite2.  
The primary seal for the Mt. Simon Sandstone is the overlying Eau Claire Formation. The lower portion of 
the Eau Claire is primarily a siltstone to shale that grades upward into mixed carbonates and siliciclastics. It is 
approximately 96 m (315 ft) thick with a dominant shale facies approximately 12 m (40 ft) thick overlying the upper 
Mt. Simon. The upper portion of the Eau Claire is approximately 57 m (190 ft) thick and consists of dense 
carbonates. At the IBDP site, the Mt. Simon Sandstone is over 457 m (1500 ft) thick; however, in this paper the 
discussion focuses primarily on the lowermost 182 m (600 ft) of the formation.   
The sequestration target interval, referred to herein as the lower Mt. Simon Sandstone, consists dominantly 
of fine- to coarse-grained arkosic sandstones and granule to pebble conglomerates that have excellent reservoir 
properties[2,3]. Sandstones and conglomerates of the lower Mt. Simon Sandstone are interpreted to have formed 
predominantly in a braided river system that transition upward into an eolian depositional environment[2,3]. The 
conglomerates near the base of the Mt. Simon Sandstone were deposited in a distal alluvial fan sourced from 
numerous nearby Precambrian paleotopographic high areas. Some of the more poorly sorted conglomerates may 
represent debris flows. Moderate secondary porosity results from the dissolution of abundant potassium feldspars. 
Primary porosity is largely preserved as a result of the alteration of feldspars to clay minerals that coat grains 
inhibiting the precipitation of quartz cements[2]. 
The lower Mt. Simon interval is overlain by the middle Mt. Simon Sandstone interval which has 
significantly lower porosities and permeabilities. The middle Mt. Simon consists of eolian quartz arenite deposits 
that are compacted and well-cemented with quartz.  Because of the poor reservoir properties, the middle Mt. Simon 
Sandstone interval is predicted to act as a baffle and impede the upward movement of the CO2 plume. 
3. Methods 
3D porosity and permeability models were populated using stochastic methods conditioned to geophysical 
logs from three wells, and to 3D seismic inversion products (Fig. 4). An inversion of the 3D surface reflection 
seismic data was used to create a template for the distribution of the reservoir properties acquired from the well data.  
Inversion of the 3D seismic data produced two inversion volumes, an acoustic impedance (AI) cube, and a 
PorosityCube (Figure 4). Transformation of the AI cube to the PorosityCube is dependent on the rock physics 
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correlation between AI and porosity logs. The inclusion of CMR-200* combinable magnetic resonance tool logs in 
the logging suite allowed computation of high quality core-calibrated porosity and permeability estimates through 
application of the ELANPlus* advanced multimineral log analysis inversion process. Wireline porosity logs were 
upscaled to the 3D model using volume-weighted arithmetic averaging and then integrated with the 3D seismic 
volume data by co-simulating the results with the seismic inversion porosity. The next step integrated the log 
permeability with the facies and porosity distribution modeling by upscaling this relationship to the simulation 
model.   

Figure 4.  Example property modelling workflow at Illinois Basin - Decatur Project. For each well, a well log is 
sampled along the well path and upscaled into the cells penetrated by the well. The petrophysical property modeling 
employs a statistical methodology to distribute the property into the geocellular model while honoring the values 
observed in the wells. Statistics derived from the upscaled porosity cube describe porosity trends and distances. 
PIGN is the effective matrix primary porosity = (total porosity í bound water) – isolated porosity. PIGN is the 
intergranular matrix porosity and is based on all of the acquired wireline logs. 
 

Figure 5. Porosity estimated from seismic inversion is used, by co-kriging, to develop a heterogeneous distribution 
of porosity within the static geocellular model.  Dark purple color is low porosity and light blue is higher porosity.   
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Log permeability was upscaled to the simulation model and co-simulated with porosity. The resulting 
porosity and permeability fields were rescaled into the simulation grid which was discretized to achieve the required 
simulation accuracy while maintaining computational efficiency. The flow simulation model was calibrated to 
historical bottom-hole pressure data from the injection well, as well as to pressure observations in the multi-level 
observation well located approximately 305 m (1000 ft) from the injector. The calibrated simulation model was then 
used to forecast pressure and saturation distributions for anticipated future project operational scenarios. 
(*Mark of Schlumberger) 
 
4. Reservoir Modeling 
The static model formed the geologic basis for the flow simulation model used for modeling of pressure 
and plume behavior. A “tartan” style grid was used to provide lateral refinement of grid block size near the well as 
required for computational accuracy, but increased coarsening away from the well to minimize overall model size.  
The simulation model was initialized using pressure, temperature, and salinity measurements from CCS1. The CCS1 
completion was modeled as a 17 m (55 ft) interval in the lowest portion of the lower Mt Simon interval. The 
simulation model was history matched (calibrated) to the first 16 months of pressure observations from the 
bottomhole pressure sensor in CCS1 and 5 levels of monitoring well VW1 ranging in depth from the Lower Mt. 
Simon to the Eau Claire Formation. This model was also used as the basis for a comprehensive sensitivity and 
uncertainty analysis the results of which were instrumental in the process of history matching the model to 
monitoring well pressures and RST saturation observations.  
An important function of this model was to comprehend the potential interactions between CCS1 and the 
planned injection well CCS2.  Plume and pressure forecasts were re-run for the injection period and 50 year post 
injection period using various injection schedules exploring potential start times, injection rates, and completion 
strategies for CCS2.  At IBDP, there is no structural closure to constrain the injected CO2 plume.  Instead there is a 
slight regional dip of less than one degree down to the southeast and the primary trapping model will initially be 
hydrostratigraphic. The CO2 plume will spread laterally in an updip direction. The significant thickness of the Mt. 
Simon Sandstone should allow the CO2 to migrate vertically through the reservoir; however analysis of monitoring 
wells within the IBDP suggest that the CO2 is primarily migrating horizontally through porous and permeable 
reservoir intervals with only minor vertical plume movement. The reason for the preferred horizontal migration of 
the plume is almost certainly a result of significant heterogeneities, primarily diagenetic, in the Mt. Simon 
Sandstone reservoir interval which created extensive baffles to vertical flow. The reservoir flow simulations (Fig. 6) 
show the predicted movement of the CO2 plume from the end of IBDP injection into CCS1, which will occur in 
November, 2014, when the injected volume reaches one million tonnes. Figure 7 shows the predicted extent of the 
CO2 plume at the end of the Illinois Industrial Sources CCS project life. The two project CO2 plumes suggest limited 
vertical plume movement. 
5. Geomechanical modeling 
An extensive geomechanical data acquisition and testing program was performed as part of the IBDP site 
characterization effort. Geomechanical data collected in CCS1, VW1, and VW2 were used to compute mechanical 
properties (Young Modus and Poisson ratio) and to estimate in-situ stress. These analyses resulted in three 1-
dimensional (1D) Mechanical Earth Models (MEMs) along wellbores. The 1D MEMs were then used as the basis 
for 3D interpolation and extrapolation of geomechanical properties within the static geologic model structural 
framework to create a 3D MEM. Finally, the 3D MEM was coupled with calibrated reservoir simulation output at 
selected time steps for estimation of transient, injection induced, stress and strain variations within the reservoir and 
overlying formations. These coupled simulations have been used to verify storage formation and caprock integrity 
during IBDP injection.  
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6. Discussion 
The role of modeling at IBDP has ranged from pre-drill estimates of pressure and CO2 saturation 
distribution to the use of calibrated coupled fluid flow-geomechanical computations of injection induced variations 
in the mechanical state of the injection zone and caprock. During the life of the project the model has been used for 
many value adding applications including drilling prognosis, well completion design, optimization of continuing 
geotechnical data acquisition efforts, regulatory compliance for Area of Review (AoR) definition, and risk analyses. 
This has been a process of continuous model improvement through interaction with ongoing operational monitoring 
and geotechnical data acquisition activities. The early monitoring field data suggested deficiencies in pre-drill plume 
predictions. Efforts to update model calibrations with new monitoring data have identified key data gaps. 
Elimination of data gaps has improved the dataset and enabled more sophisticated modeling processes. More 
sophisticated modeling processes have improved predictions quantification of associated uncertainty.  As the project 
nears the end of the injection phase the role of the calibrated reservoir and mechanical models will shift toward 
fulfillment of the regulatory requirements for post-injection site closure monitoring. These anticipated applications 
will require additional and even more advanced uses of the model in support of time-lapse geophysical monitoring.  

Figure 6 The areal extent of the CO2 plume on January, 2015 after injection of 1 million tons of CO2 into CCS1 as 
estimated by reservoir flow simulation. 
 
Figure 7 The areal extent of the CO2 plume on January, 2119 after injection of 1 million tons of CO2 into CCS1 
ending in January, 2015, and 4 million tons of CO2 into CCS2 estimated by reservoir flow simulation. 
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7. Conclusions 
The reservoir simulation based on the integrated earth model suggests that the CO2 will follow the high 
permeability intervals and there will be very limited vertical migration of the CO2. An additional injection well for 
the Industrial Carbon Capture and Storage (ICCS) project, located approximately 2 km (6,600 ft) from the IBDP 
injection well (CCS1), CCS2 well is planned for injection to commence in early 2015. This new well has planned 
injection rates of up to one million tonnes per year, three times the current rate of injection. The flow simulations 
based on the integrated earth model suggest that new intervals higher in the Mt. Simon Sandstone reservoir will 
need to be perforated. These new simulations suggest that the incremental pressure change resulting from the two 
injection wells would be better managed if the upper section of the lower Mt. Simon Sandstone would be perforated. 
Thus, scenarios are being created to assess opening injection zones in higher intervals within the lower Mt. Simon 
Sandstone and the two plumes will not be injected into exactly equivalent stratigraphic intervals. 
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